Interdependence of arterial PO2 and O2 consumption in the fetal sheep.
These experiments were undertaken to measure the effects of changing arterial oxygen tension (PaO2) on oxygen use by the fetal body (VO2). Six fetal sheep at 130-140 days gestation were prepared with an endotracheal tube, carotid artery catheter, body-core thermistor, cooling coil and loosely-applied umbilical cord snare. The next day the cord was occluded and the fetal lungs were ventilated with gas mixtures containing different concentrations of oxygen. While fetal core temperature was kept constant, fetal arterial PO2 was cycled between high and low values (span = 7 to 359 mmHg, n = 103) and O2 consumption was measured by the rate of O2 uptake from a closed-rebreathing circuit. VO2 changed directly with changes in PO2 from 10 to 40 mmHg but became insensitive to changes in PO2 above about 50 mmHg. The results were well described over the entire range by the equation: VO2 (ml/min per kg fetal wt) = -9.62 + 6.99 ln PO2(mmHg)-0.66 ln2 PO2. Thus the oxygen consumption of the near-term fetal sheep varies with changes in arterial PO2 in the physiologic range. This finding is distinctly different than the adult at rest but resembles adult tissues such as exercising muscle at VO2max. This finding is consistent with differences in fetal metabolic controls, limited cardiac reserve, and limited tissue diffusion rates in actively metabolizing tissues.